In the following study, we came up with and validated a prompt, sensitive and precise method for the simultaneous determination of 56 antimicrobial drugs (tetracyclines, sulfonamides, β-lactams, macrolides and quinolones) using the ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). This method was implemented with success to determine antibiotics in samples collected from four wastewater treatment plants and five coasts in Tunisia. Results showed the presence of high concentrations of antibiotics which ranged from 0.1 to 646 ng mL À1 which can induce many negative impact on the health and environment. For this reason, we have opted to evaluate toxicity of wastewaters samples using a battery of biotests. In fact, genotoxicity was assessed using three tests such as Vitotox, comet and micronucleus assays. The input and output of wastewater treatment plants induced strongly genotoxic effect on the Salmonella typhimurium TA104 prokaryotic Vitotox assay. This result was confirmed using the comet and the micronucleus assays performed on the human liver hepatocellular carcinoma cells. The genotoxic power of the tested wastewater treatment plants samples could be attributed to the presence of higher quantities of antibiotics which are detected in these samples and to the antibiotic and organic compounds cocktails.
INTRODUCTION
Substantial numbers of antibiotics are widely used in human and veterinary medicine (Hirsch et al. ; Sapkota et al. ) . Besides their therapeutic function, antibiotics were also exploited as growth boosters and animal feed additives in livestock production (Kim & Aga ) . Between 2000 and 2010, consumption of antibiotic drugs increased by 36% (from 54,083,964,813 standard units to 73,620,748,816 standard units) (Van Boeckel et al. ) . Of note, 5-90% of the antibiotic could be excreted as metabolites or parent compounds after use (Sarmah et al. ; Kummerer ) .
Wastewater treatment plants, industrial effluents, pharmaceutical companies and aquaculture activities were the sources for antibiotics discharges in aquatic systems (Forth et al. ; Auerbach et al. ; Adelowo et al. ; Baquero et al. ) . Recent studies showed trace concentrations of antibiotics in the environment; Seine River in France (Dinh et al. ) , Castellon province and Granada in Spain (Diaz et al. ; Dorival-Garcia et al. ) , rivers and wastewater treatment plants in the UK (Baker & KasprzykHordern ; Zhou et al. ) , tap water in Macao and Guangzhou in China (Yiruhan et al. ) . In addition, many previous studies showed that antibiotics are likely to remain longer time in the environment, particularly on surface waters (Sim et al. ) and sediments (Hektoen et al. ; Ingerslev et al. ) . For regular analysis of environmental water samples, LC-MSMS is the most commonly used method because of its selectivity and sensitivity compared to other previously mentioned methods (Seifrtova et Several concerns have risen about the direct effect of wastewater on humans and the ecosystem should be elucidated (Sapkota et al. ; Kummerer ) . In this respect, several methods for safe water treatment can be conducted in an attempt to tackle the related issues. It should also be noted that several organic compounds in wastewaters might become even more toxic after treatment because certain pro-mutagenic compounds are being converted into stable mutagenic metabolites (Emmanuel et al. ; Mathur et al. ; Cao et al. ) . Numerous studies highlighted the several sources of pharmaceutical pollution and its impacts on human health and the ecosystem effects (Parolini et al. ; Maranho et al. ) . Many drugs, excreted after administration end up in aquatic ecosystems, both as the parental compound or as metabolite (Isidori et al. ; Sapkota et al. ; Kummerer ) . Although previous researches have indicated that even trace levels of these pharmaceuticals can have an important environmental impact and they are sufficient to provoke dangerous effects due to their intrinsic biological activity or after chronic exposure (Mersch et al. ; Ohe et al. ; Hernando et al. ; Sarmah et al. ) , the magnitude of the impact of the antibiotic littering on human health and the ecosystem is still not well known, which could lead to potential disasters in the future. Based on the literature, a battery of tests to assess the mutagenic effects of water matrices was chosen (Zegura et al. ; Tang et al. ) . Tests using bacteria, plant and animal cells have been developed to assess such genotoxicity impact (Hernando et al. ; Zegura et al. ) . The Vitotox test is one of the later sensitive bio-tools that proved to be efficient in determining the mutagenic potential (Van der Lelie et al. ; Verschaeve et al. ). The test was also used for studies of different water matrices such as surface waters (Verschaeve et al. ; Verschaeve ; Vijayashree et al. ) . The comet assay was often used because this indicator test can be applied on wastewaters and it may reveal DNA damage induced by different mechanisms (Kudlak et al. ; Sharif et al. ) . Finally, the micronucleus test is deployed because it determines both structural and numerical chromosome aberrations and is currently considered one of the most significant and reliable genotoxicity tests (Kirsch-Volders et al. ; Kaur & Dua ; Parolini et al. ) .
In this research, we optimized and validated a new, sensitive, reliable and accurate UPLC-MS/MS method in order to identify and quantify simultaneously 56 antibiotics from water samples which collected from four wastewater treatment plants and five marine coasts in Tunisia. Genotoxicity and cytotoxicity were performed using Salmonella typhimurium TA104 prokaryotic Vitotox assay. Genotoxicity was also evaluated by two in vitro complementary eukaryotic tests the comet and the micronucleus assays on the Human hepato-cellular liver carcinoma cells (C3a). Finally we tested the in vivo toxicities on the mice intraperitoneal treated with different doses of the tested samples and we studied structural and histological variations in kidney and liver.
MATERIAL AND METHODS

Chemicals and reagents
All the antibiotic standards are endowed with a high-purity grade (>90%) and were obtained from Sigma-Aldrich (Bronem, Belgium) and Witega (Germany) ( Table 1) . HPLC grade methanol, ethanol and acetonitrile were purchased from HPLC grade (Biosolve, Germany). Formic acid 98% was from Merck (Germany). A Milli-Q-Advantage system from Millipore (Waters, USA) was employed to acquire HPLC-grade water. Low melting point (LMP) agarose and normal melting point (NMP) agarose were purchased from Invitrogen. Sodium Chloride, EDTA, TRIS, DMSO, S9 mix (post-mitochondrial supernatant fraction), cytochalasin B, DAPI (DNA-staining), acridine-orange and triton X-100 were from Sigma and NaOH pellets from VWR. The positive controls benzo(a)pyren (B(a)P), 4-nitroquinoline 1-oxide (4-NQO), methyl methanesulfonate (MMS), ethyl methanesulfonate (EMS)) in toxicological tests were purchased from Sigma-Aldrich.
Water sample collection
The water samples collection (2 L) were conducted between August 2012 and February 2013, influents and effluents were collected from four wastewater treatment ). All the aforementioned samples were filtered through a 1 mm paper filter (Euro Scientific, Belgium) and kept in amber glass bottles at À20 C, until they were needed for the analysis.
Analytical study
Samples extraction and method validation
A 100 mL of water sample was spiked with the internal standards at a concentration of 60 ng mL À1 . An Oasis ® HLB cartridge was preconditioned with 6 mL of methanol and 6 mL of Milli-Q water. The collected sample with a flow rate of approximately 2 mL min À1 was loaded into the cartridge and then the cartridge was rinsed with 6 mL of Milli-Q water and desiccated under vacuum for 20 minutes. Following the drying process, the analytes were eluted using 12 mL methanol and were evaporated to dryness at 40 C under a slow stream of nitrogen. The dry residue was dissolved in 1 mL of Milli-Q water, filtered through 1 μm and then an 8 μL aliquot was injected onto the UPLC column.
UPLC-MS/MS analysis
The UPLC system comprised Waters ACQUITY UPLC (Waters, USA) associated with a TQ-S triple-quadrupole mass spectrometer (Waters Corp., Milford, MA). Separation was carried out on an ACQUITY UPLC ® BEH C18 column (100 mm × 2.1 mm) with a 1.7 μm particle size (Waters, Ireland). As for the analytes, they were measured in the multiple reaction monitoring modes. The mobile phase was made up of a mixture of 0.1% formic acid in water (A) and in acetonitrile (B) and its composition switched linearly from 1% B at 0 min to 99% B at 10 min and then dropped again to 1% B at 14 min, after which the column was rinsed with 99% for 5 min and re-equilibrated to the initial conditions for 10 min. The established conditions were as follows; the flow rate was at 0.4 mL min À1 , whereas the column and the auto-sampler tray temperature were fixed at 50 C and 4 C, respectively. The mass spectrometer was handled in the positive electrospray ionization mode (ESIþ) with a capillary voltage of 1.00 kV, a source temperature of 140 C and desolvation temperature at 40 C.
Employing Nitrogen as a desolvation gas, it was set at a flow of 800 L h À1 . The optimization of the parent and daughter ions, the cone voltage and the collision energy were determined by using a direct infusion of a 100 ng L
À1
of working solution in water. Dwell times were adapted individually to acquire an optimal amount of data points to describe the peak. For each compound, two transitions were followed. One transition was employed for quantification, and the other for the monitoring of identification. The proportion of these two peak areas is a fixed value that is used for identification purposes. The compound specific parameters were shown in Table 3 . Data was obtained using MassLynx v.4.1 software and was processed using TargetLynx v.4.1 software (Waters Corp.).
Method validation
The reliability of the method was evaluated by a set of parameters according the EU 657/202 guideline. The following parameters were determined; linearity, recovery, accuracy, precision, limit of quantification (LOQ), limit of detection (LOD) and specificity. Linearity. So as to determine the linearity, spiked water samples were used (0, 1, 20, 40, 60, 80 and 100 ng mL À1 ).
Linear regression was conducted after the peak area ratios determination between the antibiotic and the IS were plotted against their concentration. The criterion for acceptance was that the correlation coefficient (R) must be !0.99. Furthermore, we resorted to Mandel's fitting test to investigate the linearity of the implemented regression model used for the quantification (Knecht & Stork ; Heitzman ). Specificity. Specificity is assessed in regards to the endogenous interferences through the extraction and analysis of the blank samples, using the above-mentioned method (Commission Decision of //EC). Therefore, antibiotics-free water samples were used.
Accuracy and precision. So as to ensure accurate quantifications, the precision of the method in term of intra and inter-day variabilities were assessed at three concentration levels (20, 60 and 100 ng mL À1 ). For recovery studies, six tap water free antibiotic samples were spiked with standards at three concentrations 20, 60 and 100 ng mL
À1
. Accuracy was studied through six spiked samples at different levels during the same day (Intra-day precision) and in 5 successive days (Inter-day precision). Precision was expressed as relative standard deviation (RSD). The RSD (%) had to fall within 2/3 of the values calculated according to the Horwitz equation: RSD max ¼ RSD × 2/3, with RSD ¼ 2(1-0.5*log c), and c the analyte concentration in ng mL
. Sensitivity. The validation process required two examined aspects to determine whether an analyte is present in the studied sample: the LOD is defined as the lowest measured concentration from which it is possible to deduce the presence of the analyte with a reasonable statistical certainty. In this research study, the criterion of a signalto-noise (S/N) ratio of 3 was used and the LOQ was defined as the lowest measured concentration for which the method is validated with accuracy and precision that fall within the European recommendations.
Toxicological evaluation
Cell culture
Human hepato-cellular liver carcinoma cells (C3a) were cultivated in Dulbecco's modified Eagle's culture medium (DMEM) and 10% fetal calf serum and antibiotics (1% penicillin-streptomycin) were added. The Cultures were incubated in humidified atmosphere conditions with 5% CO 2 at 37 C. Every four days, the cultures were trypsinized and divided into 10 5 cells per Petri dish of 35 mm diameter with 10 mL of culture medium. A bath of Milli-Q water was also used to preserve humidity.
Preparation of water samples concentrations prior to the toxicities studies
Of note, 100 mL of each water sample was concentrated on the previously preconditioned Oasis ® HLB cartridge. After the drying process, the analytes were eluted and evaporated to dryness. Then, the concentrated residue were mixed with Milli-Q water so as to obtain the four dilutions (1/10, 1/20, 1/40, 1/100) and they were analyzed with the Vitotox test, the comet assay and the micronuclei test. Thus, the tested concentrations were 1X, 2.5X, 5X and 10X times of the original sample.
Vitotox test
The test is always carried out with Salmonella typhimurium TA104 that are genetically modified and it shows DNA damage by emitting a readily detectable signal of bioluminescence after exposure to mutagenic factors (Verschaeve et al. ) .
The first day, an overnight pre-cultures were conducted for the both Genox and Cytox strains in rich medium. Precultures contained 100 μL of each strain (cultures stored at À80 C), 625 μL of tetracycline (0.8 mg mL À1 ) and 312.5 μL of ampicillin (8 mg mL À1 ) and the two Erlenmeyer's were placed in a water bath (300 rpm, 36 C) for 16 h. The second day, the two Erlenmeyer's were placed on ice for 15 min. In Erlenmeyer's containing 20 mL of mineral medium, 160 μL of previously cultured bacteria were added and stirred during 1 h in an appropriate water bath (300 rpm, 36 C). These Genox and Cytox work-cultures are ready for testing. A mixture of 2.125 mL of mineral medium, 350 μL of bacterial suspension and 1 mL of S9 was prepared and transferred to a black 96-wells microplate with 100 μL from each sample. When the S9 is not used in the test, we added 1 mL of mineral medium. Positive controls were used, 4-NQO (0.4 mg mL À1 ) tested without S9
and B(a)P (0.8 mg mL À1 ) tested with S9.
A microplate luminometer was used to measure genotoxicity and cytotoxicity, the light was analyzed every 5 min over a 4-h time span. All the calculations are done automatically and are based on measurements taken between 60 and 240 min of incubation. The tested compounds were added to the bacteria, in the presence and absence of a post-mitochondrial supernatant fraction (S9), which was obtained from the livers of aroclor-treated rats. The signal to noise ratio (S/N) represents the calculation of the exposed bacteria light production divided by nonexposed bacteria light production for each measurement and for each strain separately. Previous experiments have demonstrated that genotoxicity always take place when the maximum S/N (genox)/maximum S/N(cytox) is greater than 1.5 and cytotoxicity is assumed when S/N in Genox/ Cytox decreases far below 0.8 (Verschaeve et were seeded into 24-well plates and incubated at 37 C (5% CO 2 ) for 24 h. Then, the culture medium was removed and the four dilutions of wastewaters previously described were added on cells and incubated for 24 h at the same conditions. In the next step, 75 μL of LMP-exposed C3a cells suspension (0.8% LMP agarose) was laid on the slides that had been previously coated with 1% NMP (normal melting point agarose). A lysis buffer (2.5 M NaCl; 100 mM EDTA; 10 mM TRIS) was utilized overnight for slides cellular lysis. As for The Alkali unwinding of the DNA, it was realized through the slides incubation in electrophoresis buffer (0.3 M NaOH, 1 mM EDTA) for 40 min in a horizontal electrophoresis unit (20 min, 1 V/m, 300 mA). A neutralization buffer (Tris buffer (0.4 M), pH 7.5) was used to rinse slides. So as to stain DNA, a DAPI (fluorescent dye) was utilized and finally, the analysis of the slides was carried out with an Axio Imager.Z2 (Zeiss) fluorescence microscope with Metacyte and Metafer 4 (version 3.8.5) software from Metasystems (Altlussheim, Germany) to quantify DNA damage. Ethyl methanesulfonate (EMS) (0.5 mM) was deployed as the positive control whereas unexposed cells controls were also included as negative control. Two different gels were prepared for each concentration along with the analysis of 50 cells per gel. Furthermore, the DNA percentage in the comet tail was considered to measure the DNA damage.
Micronucleus test
The micronucleus assay determined the DNA damaging capacity of substances by the micronucleus formation (Fenech & Crott ) .
The human line C3a cells were trypsinized counted and seeded in 24-well plates (2 × 10 5 cell/well) and incubated for 24 h at 37 C (5% CO 2 ). The next day, the cells were exposed to the four dilutions of municipal wastewaters and cultivated again during 24 h at 37 C. After exposure, the medium was withdrawn and replaced by a medium containing cytochalasin B (4.5 μg mL À1 ). Cells were fixed with a fresh cold fixation solution of methanol and acetic acid (3/1) (v/v 
Histology
The BALB/C mice, used in the experiments, were female about 10 weeks (weight ≈ 30 g) obtained from the Pasteur Institute in Tunis. The mice were grouped in 10 per cage and the groups of mice were classified as follows:
Group 1: Composed of 10 mice that were treated by intraperitoneal injection of a dose of 10 mL/kg of the influent sampled from the TN wastewater treatment plant (WWTP). Group 2: Composed of 10 mice which were treated by intraperitoneal injection of a dose of 10 mL/kg of the effluent sampled from the TN WWTP. Group 3: Compound of 10 mice that were treated with intraperitoneal injection of a dose of 10 mL/kg of the influent sampled from the CH WWTP. Group 4: Compound of 10 mice that were treated by intraperitoneal injection of a dose of 10 mL/kg of the effluent sampled from the CH WWTP. Group 5: Compound of 10 mice that were treated by intraperitoneal injection of a dose of 10 mL/kg of the influent sampled from the CHO WWTP. Group 6: Compound of 10 mice that were treated by intraperitoneal injection of a dose of 10 mL/kg of the effluent sampled from the CHO WWTP. Group 7: Compound of 10 mice that were treated by intraperitoneal injection of a dose of 10 mL/kg of the influent sampled from the BA WWTP. Group 8: A compound of 10 mice that were treated by intraperitoneal injection of a dose of 10 mL/kg of the effluent sampled from the BA WWTP. Group 9: compound of mice that were treated by injection intraperitoneal with a dose of 10 mL/kg of ultrapure water sterilized by autoclaving. This group constitutes the negative control of the experiment.
These groups were synchronized for 15 days in a clean room with an alternating cycle: 12 h of light and 12 hours of dark. The room temperature was maintained at 22 C and a relative humidity of 50%. The doses tested were previously determined sublethal. Liver and kidney were collected from mice for histological study. The sections were stained with hematoxylin-eosin.
Statistical analysis
The Vitotox test does not require statistics. Comet assay data (tail intensity) of wastewater exposed and control cells were compared with the Mann-Whitney U-test whereas Kastenbaum and Bowman tables were used for micronucleus test (Kastenbaum & Bowman ) .
RESULTS
Analytical performance and method validation
The method performance was assessed by a set of parameters according the EU 657/202 guideline.
Linearity
Good linearity was noticed within the concentration range with R 2 ranging from 0.990 to 0.999 in all cases (Table 3) .
Selectivity and specificity
After analyzing the blank samples with all the studied antibiotics, no spectral or matrix interferences were detected.
Accuracy and precision
The reached values are summed up in Table 4 . RSD and the values fell between 0.1% and 3.5%. Precision data showed that the method is highly reproducible and robust. Because of the absence of certified materials, a recovery assay to validate the method in terms of trueness was performed. The analyzed blank spiked samples were used to guarantee that they did not contain the compounds of interest or that these were below the LOD of the method. Trueness was assessed by determining the extraction recovery of known concentrations of tested compounds in wastewater samples. As shown in Table 4 , the recoveries are close to 100% (98%-103.8%) in all cases.
Sensitivity
In this research study, the criterion of a signal-to-noise (S/N) ratio of 3 was employed. The LOQ is described as the lowest measured concentration for which the method is validated with a trueness and precision that are conform to the ranges specifications set by the EU.
Method application
The method was implemented for the simultaneous analysis of 56 antibiotics in 16 samples of wastewater treatment plants and 5 samples of sea water (Tables 5 and 7) . Sulfapyridine (100%), sulfaguanidine (100%), sulfamethoxazole, enrofloxacin (100%) and norfloxacin (100%) were found in all WWTP samples. Trimethoprim (93%), danofloxacin (75%), ciprofloxacin (75%), difloxacin (50%) were also frequently detected in the samples. The majority of WWTP tested samples were positive for antibiotics with concentrations varying from 0.1 ng mL
À1
to 77.4 ng mL
( Tables 5 and 6 ). The results showed that the five sea water samples were contaminated with antibiotics for human and veterinary use ( Table 7) . The sample water collected from Hergla cost contained the highest concentrations of veterinary antibiotics (high antibiotics concentrations were found for enrofloxacin and spiramycin, 40.2 and 66.4 ng mL À1 respectively).
Toxicological evaluation
Vitotox test Table 8 showed the Vitotox assay results of the WWTP samples and Figure 1 illustrates the measurements of genotoxicity and cytotoxicity in versus time. All the wastewater samples showed a genotoxic effect (Genox/Cytox ratio >1.6). All the WWTP effluents were also genotoxic except the effluent of WWTP of CH (CHE) where the Genox/ Cytox ratio was <1.4. Genotoxicity of all the tested samples increased with addition of S9 (post-mitochondrial supernatant fraction) mix. For the wastewater treatment plants of BA and CHO, the genotoxicity wastewater effluent was higher than the influents. It should be noted that no light production reduction was perceived in the Cytox strain, which indicated that none of the samples were cytotoxic in the tested concentrations. The samples currently screened genotoxic in this test will be tested by comet and micronuclei assays.
Comet assay
Samples showing a positive response using the Vitotox test were also tested with the comet assay. The results are shown in Figure 2 . The comet tail length values of 100 cells were scored. The results for comet tail length showed significant differences (Mann-Whitney U test) between tested concentrations and negative control (unexposed cells). It can be seen that this test confirmed the Vitotox results found previously and all the wastewater samples showed a genotoxic effect. The wastewater samples showed a dose-dependent genotoxic effect with tail DNA contents reaching 42% and 23% for the majority of concentrated samples (10X) and non-concentrated samples (1X).
Micronucleus test
The micronucleus test results were presented in Table 9 . It can be noted that the test samples were all genotoxic in a dose-dependent manner. The wastewaters caused a significant increase of DNA fragmentation and triggered the micronuclei formation in C3a cells also they disrupt the cellular proliferation. An important increasing of micronuclei number was detected in the sample is needed 1X-concentrated and 10X-concentrated, example the sample CHOE; 4 and 10 micronuclei respectively. Genotoxicity was detected in influents and effluents of tested samples from wastewater treatment plants in Grand Tunis. The CBPI proportionally related to the detected number of micronuclei and reflected the degree of genotoxicity. 
Histological study
No significant difference was observed when compared histological section of the mice's kidney and liver slides treated with sterile deionized water (negative control) and with wastewater samples collected from wastewater treatment plants. In fact, histological sections of mice's kidney and liver showed no visible structural effects or alterations as cytolysis, edema, fibrosis or hemorrhagic necrosis (Figure 3 ). 
DISCUSSION
The identification and the quantification of antibiotics in wastewater have been recently the main concern of several published studies. The limits of detection in our study varied from 0.01 to 1 ng mL À1 and the recoveries rates varied from 98% to 103.8%. The number of targeted antibiotics varies from one method to another. Cha et al. () analyzed 5 β-lactams with the LOD ranging from 13 to 18 ng mL À1 and recovery <70%. 16 sulfonamides (LODs from 11 to 68 ng mL À1 and recoveries from 62 to 102%)) were determined in the study of Chang et al. () . The method of Gros et al. () targeted 2 macrolides, 2 sulfonamides and 1 quinolone (LODs from 3 to 7 ng L À1 and recovery from 40 to 116%). In the method of Dorival-Garcia et al.
() quinolones were included, the inter-and-intra-day variabilities were <4%. In the multi-residue method of Zhou et al. (), 11 classes of antibiotics were determined, the recoveries ranged from 50 to 150%. It is known that the pharmaceutical residues found in wastewaters reflect prescription trends and patients consumption (Dorival-Garcia et al. ). Sulfonamides, macrolides and quinolones were the most frequently detected antibiotics. In this study, antibiotics levels in WWTP samples were higher than those observed in France in 2011 (concentrations ranged from 0.03 to 1.5 ng mL À1 ) (Dinh et al. ) and than those observed in Spain in 2013 (concentrations ranged from 0.2 to 2.5 ng mL À1 ) (Dorival-Garcia et al. ) and in Italy (Zuccato et al. ) .
In Tunisia, the releases of hospitals, homes, factories, farms and hotels are discharged in the same network and the antibiotics are commonly sold without prescription. From the literature data, sulfamethoxazole was detected in WWTP influents with concentrations as high as 7.91 ng mL À1 in China (Peng et al. ), 1.09 ng mL À1 in USA (Yang & Carlson ) , 0.58 ng mL À1 in Spain (Carballa et al. ) . In our study, the highest reported concentration of sulfamethoxazole was 77.4 ng mL À1 .
In the WWTP influent, β-lactam antibiotics dominated the overall antibiotic concentration (Watkinson et al. ) . In fact, some studies have indicated that macrolides are excreted as parent compounds after administration and the excretion rates are greater than 60% (Hirsch et al. ) . In this study, six macrolides were detected with important concentrations from 0.1 to 45.3 ng mL À1 in comparison with the studies of Gobel et al. (a, b) in raw sewage from the Switzerland and USA where the concentration of macrolides was measured at 0.6 and 1.5 ng mL
À1
respectively (Karthikeyan & Meyer ) . In this present study, the concentration of quinolones was greater up to 16 ng mL À1 . The influent concentration of quinolones was found up to 0.31 ng mL À1 in USA (Gobel et al. b) .We found tetracycline in WWTP effluent with a concentration of 2.5 ng mL À1 in our research which is not too far from that found in USA and it ranged between 0.1 and 0.6 ng mL À1 (Kim & Aga ) . In Canada, the analysis of WWTP influents revealed that the concentration of tetracycline was 1 ng mL À1 (Boussu et al. ) .
It should be noted that in both effluent and influent wastewater samples, antibiotics were detected with similar concentrations which documented the poor removal efficiency of the municipal treatment. Tunisian wastewater treatment plants use the biological treatment. But, this treatment showed inefficient to eliminate antibiotics.
In our study, there is no remarkable difference between the occurrence of antibiotics in summer and winter seasons, all found antibiotics were detected in two seasons except dapsone, sulfisoxazole and sulfadoxine were only detected in winter. The high concentrations of antibiotics in the sample of Hergla and Monastir can be elucidated by their use in local aquaculture farms. The releases of several hotels and water treatment plants located in Sousse, Monastir, Bizerte and Tunis are discharged in sea water.
The presence of antibiotics detected in surface water may pose serious problems for the human health. For this reason, we have realized various bioassays so as to evaluate the effect of these micropollutants on human health by the mutagenic activities of industrial effluents and surface waters (Kungolos et can contain detergents and disinfectants, whose direct aftermath is genotoxicity (Kummerer ) . In this study, two WWTP effluents showed a genotoxic activity higher than the influents, so it can be deduced that it was directly related to the new genotoxic compounds formation during the municipal treatment.
The conventional water quality indices and chemical analysis give little information on possible aftermaths and the numerous formed substances which can jeopardize human health (Dizer et al. ; Wang et al. ) . We observed the presence of micronuclei after exposure to different concentrations of wastewaters, which might have been the result of a chromosome laggard during anaphase (Ventura-Camargo et al. ). Thus, chemical agents can induce micronuclei through spindle disturbance or chromosome breaks.
In this study, the addition of S9 mix enhanced the concentration of mutagens in the wastewater samples. The results are in agreement with Kittinger et al. where a toxic signal could only be found after addition of S9 mix. As a matter of fact, the present study is in disagreement with the study of White and Rasmussen which showed that the putative genotoxins in surface waters and municipal wastewaters are primarily direct-acting, i.e. S9 addition does not boost the response and the municipal wastewaters have a low genotoxic response (White & Rasmussen ) . However, Gupta et al. () reported that mammalian enzymes possibly transform some pro-mutagenic compounds into active mutagenic metabolites. In fact, the absence of mutagenic effect in CH WWTP effluent could be due to a reduction of mutagenicity by the outcome of antagonistic interactions in the highly complex mixture of compounds existent in municipal wastewaters after treatment. Taken together, the two end-points (micronuclei and comet assays) confirmed the Vitotox results. Cell-based bioassays can generate biological reactions after the exposure to the mixture (Escher & Leusch ) . Given the above mentioned points, a correlated combination was observed between the three tests used in our study. The idea of using more than one bio-test to monitor the adverse effects of contaminants was successful in several studies (Hernando et The efficiency of sewage wastewater treatment in eliminating such genotoxic contaminants depends on the treatment process. This implies that the treatments used in the studied wastewater treatment plants for neutralizing the mutagenic effects of substances found in the wastewater are not adequate. These methods may be effective at relieving some of the hazardous effects of chemicals, but nonetheless they are not enough to reduce their genotoxic effects. Numerous technologies were used in the municipal treatment, chlorination disinfection, UV irradiation (Jolis et al. ), ultrafiltration and reverse osmosis (Bourgeous et al. ; Qin et al. ) and ozone treatment and activated sludge (Takanashi et al. ) . Many reviews reported that some treatment processes could form genotoxic effects (Rook ; Schwartz et al. ; Gusbeth et al. ; Zegura et al. ) . According to Emmanuel et al. () , the chlorination could give rise to unwanted genotoxic compounds which persist in the environment. In the study of Cao et al. () , reverse osmosis and ozonation techniques proved high removal of genotoxic effect while chlorination could increase genotoxicity. In Tunisia, the used treatment plant process is the biological treatment (www.onas.nat.tn). During the biological treatment of wastewaters, some mutagenic compounds can appear (Mathur et al. ) . Thus, besides the current chemical analysis, mutagenicity/genotoxicity assays should be added to water quality monitoring programs. Through their deployments, the determination of mutagenic hazards in wastewaters becomes possible.
CONCLUSION
A multiresidue method for 56 antibiotics (tetracyclines, sulfonamides, β-lactams, macrolides and quinolones) in water with UPLC-MS/MS was developed and in-house validated. The method was implemented to assess the potential presence of antibiotics in waste water and sea water in Tunisia. To the best of our knowledge, this is the first time that a great variety of antibiotics were researched in environmental waters in Tunisia. In view of research study, domestic wastewaters, hospital and industrial effluents represent the origin of pharmaceutical contamination in Tunisian environmental aquatic milieu. These findings suggest that wastewater being a mix of different organic contaminants may have a potent mutagenic and genotoxic effect on exposed living organisms. Since only a limited number of samples were analyzed, additional studies are required to evaluate the incidence of pharmaceuticals in the Tunisian aquatic environment.
